Mitochondrial genome has particular features that make it a valuable forensic marker; first of all it is present in each somatic cell in high numbers. Therefore, it is more resistant to degradation and more stable under unfavorable conditions than nuclear DNA (nDNA) in highly damaged, degraded or very small quantity of the samples. Secondly, the high mutation rate, lack of recombination and the maternal mode of inheritance are features which make the mitochondrial DNA (mtDNA) better choice in situations where nDNA cannot be used for the analysis. Thus, forensic Anthropologists can determine how mitochondrial DNA may be best utilized in skeletal remains or hair shafts, which essentially lack nDNA but contain sufficient amounts of mtDNA. The most extensive mtDNA variations between individuals are found within the Control region or hypervariable regions (HVI, HVII, and HVIII) which allowed individuals to be differentiated and it could provide evidence about the identity of crime victims, especially skeletal remains. In this article we review the feature of mtDNA and its role as a reliable tool in Forensic Anthropology.
Introduction
DNA is the genetic blue print of an individual; it is present and identical in every cell of the body. As a result, DNA can be taken from saliva, blood, skin cells, sweat, bone cells and hair root for individual identification (Kobilinsky et al., 2007) . The DNA profile is unique for each person and because of this property; it can be utilized in forensic investigations (Lembring, 2013) . Since the early 1990s, DNA has become a useful tool in forensic studies and has enabled investigators to identify missing persons, war casualties and individuals involved in mass disaster and criminal case (Sheshanna et al., 2014; Hayat et al., 2016) .
There are two types of DNA can be used for forensic investigations, either nuclear DNA (nDNA) or mitochondrial DNA (mtDNA). When sufficient amount of DNA is present the sample can be processed by analyzing nDNA, and when the sample size is limited like a small segment of the bone, a tooth, or a shaft of hair mtDNA analysis allows determining the origin of such samples (Ballantyne, 1997; Kobilinsky et al., 2007; Butler, 2011) .
Location and structure of human mitochondrial DNA
DNA is found not only in the cell's nucleus, but also in its cytoplasm, in special energyproducing structures called mitochondria (Lembring, 2013; Sheshanna et al., 2014) . Each mitochondrion has several copies of its own genome (mtDNA) and there are several hundred to several thousand mitochondria per cell. The mitochondrial genome is a circular double-stranded molecule of 16,569 base pairs in length and it's creating a light (L) strand and a heavy (H) strand contains a greater number of guanine nucleotides than the -light‖ or L-strand (Butler, 2011) . The genome contains the coding region that code for 37 genes include 13 proteins, 2 ribosomal RNAs (rRNA) and 22 transfer RNAs (tRNA) all of which are involved in the production of energy and it's storage in Adenosine Triphosphate (ATP) (McBride et al., 2006) . There is also 1122 bp control region or non coding region that contains the origin of replication for one mtDNA strands, but does not code for any gene products (Ballantyne, 1997) . There are three hypervariable regions in the D loop (HVI, HVII, and HVIII); these are important and analyzed to determine human identification (Fujita, 1995; Lee et al., 1997; Kouvatsi et al., 2001; Allard et al., 2002; Imaizumi et al., 2002; Maruyama et al., 2003; Ricaut et al., 2004; Koyama et al., 2008; Serin et al., 2016) .
Inheritance of human mitochondrial DNA genome
Mitochondrial DNA is maternally inherited, during fertilization of an ovum, only the sperm head penetrates. The sperm head does contain a few mitochondria, but these are not retained after fertilization and degenerated by ubiquitin, allowing only maternal inheritance (Kouvatsi et al., 2001) . Sibling and all maternally related family members will have a similar mtDNA sequence. Because the mitochondrial genome does not undergo recombination, the genome is transmitted from generation to generation unchanged in sequence (Thomson, 1998; Macaulay and Richards, 2006; Kobilinsky et al., 2007; Lincoln and Hughes, 2012) .
Heteroplasmy in Mitochondrial DNA
Heteroplasmy is the presence of more than one mtDNA type in a single individual and at a particular base position in a sequence of bases (Melton, 2004) . Heteroplasmy may be observed in several ways: first, individual may have more than one mtDNA type in a single tissue; second, individual may represent one mtDNA type in one tissue and a different type in other tissue; third, Individual may heteroplasmic in one tissue sample and homoplasmic in another tissue sample (Melton, 2004) .
There are two types of heteroplasmy: length heteroplasmy and sequence heteroplasmy (Butler, 2011) . Length heteroplasmies often occur around the homopolymetric C-stretch in HVI at positions 16184 to 16193 and HVII at positions 303 to 310. Sequence heteroplasmy is typically detected by the presence of two nucleotides in a sequence electropherogram (Kobilinsky et al., 2007) .
Control region of mtDNA as a reliable tool in forensic anthropology
Forensic anthropology is best known as the discipline that applies the scientific knowledge of physical anthropology (and often archaeology) to the collection and analysis of legal evidence. More broadly speaking, it is anthropological knowledge applied to legal issues (Palo et al., 2007; Slavec, 2012) . Recovery, description, and identification of human skeletal remains are the standard work of forensic anthropologists (Palo et al., 2007; Slavec, 2012; Gomes et al., 2017; Stenton et al., 2017) . The condition of the evidence varies greatly, including decomposing, burned, cremated, fragmented, or disarticulated remains (Thompson, 2003) . Since the early 1990s, DNA has become an increasingly common means of identification for mass fatality victims. Without DNA technology, more than half of the identified victims would not have been identified (Ballantyne, 1997) . The human mtDNA has been proven to be a useful tool for identification crime victim's especially skeletal remains (Holland and Parsons, 1999; Bender et al., 2000; Rudbeck et al., 2005; Torroni et al., 2006; Palo et al., 2007; Adams et al., 2008; Alaeddini et al., 2010; Shinoda, 2010; Köhnemann and Pfeiffer, 2011; Blau et al., 2014; Hayat et al., 2016; Amer et al., 2017; Gomes et al., 2017; Stenton et al., 2017; Calacal et al., 2018; Mendisco et al., 2018) .
Due to its polymorphic nature, high copy number in each cell, maternal inheritance and it can be analyzed even from small, highly damaged and degraded samples (McBride et al., 2006) . In most forensic case, the aim of DNA testing is to differentiate between individuals, therefore, areas of DNA that display the highest levels of difference between individuals are the regions of choice for analysis. Two segments of the Control region in mtDNA are highly polymorphic, these are known as hypervariable regions I, and II (HVI, HVII) and they contain the highest levels of variation within the mtDNA genome. These regions do not contain genes and mutations accumulate with a 10 times higher mutation rate than in the coding region (Pakendorf and Stoneking, 2005; Howell et al., 2007) . HVI has a sequence of 342 bp (16, 365) and the second HVII, has a sequence of 268 bp (73-340). Occasionally a third portion of the control region, known as HVIII has a sequence of 137 bp and span nucleotide positions 438 to 574. Additional polymorphic site within HVIII can sometimes help resolve indistinguishable HVI/HVII samples (Stoneking et al., 1991; Bremer et al., 1995; Baasner et al., 1998; Tagliabracci et al., 2001; Bini et al., 2003; Gabriel et al., 2003; Edson et al., 2004; Divne et al., 2005; Lander et al., 2008; Lehocký et al., 2008; Fridman and Gonzalez, 2009; Adachi et al., 2014; Bodner et al., 2015) . Over the course of typing mtDNA samples from various populations, researchers have observed that individuals often cluster into haplogroups that can be defined by particular polymorphic nucleotides. Mitochondrial DNA haplogroups have now been correlated to HV1/HV2 polymorphisms (Table 1) . 
Human mitochondrial DNA reference sequence(s)
It would be very difficult to totally sequence exemplars (known, reference samples) and evidentiary items and then report this total sequence information from beginning to end. To avoid any confusion in the comparison of two specimens, the forensic analyst compares each specimen's mtDNA sequence to a reference sequence, and then describes differences found at specific sites (Kobilinsky et al., 2007) . The reference mtDNA, derived primarily from a human placenta, is known as the Anderson sequence (Anderson et al., 1981) . The
Anderson sequence is also referred to as the Cambridge Reference Sequence (CRS). Today most laboratories use the revised Cambridge sequence (rCRS) as the reference. This revised reference sequence established in1999, has corrected a number of sequence errors in the original 1981 Anderson sequence (Andrews et al., 1999) . Each base in the reference sequence is assigned a number from 1 to 16,569 and forensic analysts use these numbers to compare all other specimens (Kobilinsky et al., 2007) .
Mitochondrial DNA analysis
The following is only a brief summary of the methods and considerations involved in a mtDNA analysis. The variants steps of the mtDNA analysis include sample preparation, DNA extraction, polymerase chain reaction (PCR) amplification, quantification of the DNA, automated DNA sequencing and data analysis (Butler, 2011; Sheshanna et al., 2014) .
Sample preparation:
This step involves cleaning the sample, before DNA extraction can begin, the surface of the sample must be treated to remove contaminating (exogenous) DNA. For bone or teeth sample, this can be achieved by physically removing the surface of the sample, treating it with bleach, irradiating it with ultraviolet light, or a combination thereof (Kaestle and Horsburgh, 2002; Loreille et al., 2007; Sheshanna et al., 2014) . Hair sample cleaning involves detergent treatment in an ultrasonic water bath (Sheshanna et al., 2014) .
DNA processing:
The prepared sample is mixed with various organic chemicals that separate the other biological materials, such as protein. The DNA extraction itself consists of three major steps: -Lysis of the cell membrane (breaking cells open to release the DNA), -Precipitation of proteins (breaking proteins by adding a protease and separating DNA from proteins), and -Separation and collection of DNA from the cell debris. This can be achieved by slightly different methods. DNA can be isolated using e.g. chelex-based, silicabased or phenolic extraction procedures (Kaestle and Horsburgh, 2002; Lembring, 2013; Hayat et al., 2016) . The DNA extract is then concentrated, and the section of interest is amplified using the polymerase chain (PCR). PCR amplification of mtDNA is usually done with 34 to 38 cycles, protocol for highly degraded DNA specimens even call for 42 cycles (Wilson et al., 1995; Gabriel et al., 2001) . The section of mtDNA most frequently targeted is the hypervariable region of mtDNA, this particular region of DNA is chosen because contain a large majority of the polymorphisms and can provide a powerful resource for human identification (Sheshanna et al., 2014) . Once amplified, the DNA of interest quantified and sequenced by cycle sequencing with Big Dye Terminator Cycle Sequencing Kit (Isenberg and Moore, 1999; Kinra, 2006; Amer et al., 2017) . The resulting DNA data can be analyzed by special software, differences and similarities between sequences are read based on the set guidelines (Butler, 2011) .
Interpretation of Mitochondrial DNA profile:
Mitochondrial DNA is used both to associate crime scene samples with individuals and to identify human remains. In both cases, the profile generated has to be compared to the 
Mitochondrial DNA databases
There are two types of databases, national forensic DNA databases (restricted to a country and based on samples associated with a crime) and population DNA databases (random selection individuals representing a population) (Lembring, 2013) . The following are different types of mtDNA population databases:
FBI mtDNA database:
The FBI has compiled the mtDNA population also known as CODIS mt for the purpose of being able to determine a legally defensible frequency estimate . The CODIS mt database has a forensic and a published literature component to it in order to separate data obtained from forensic laboratories and academic studies (Butler, 2011) .
EMPOP:
The European forensic mtDNA sequencing community has been actively engaged for a number of years in developing new high-quality population database for forensic human identity testing applications, that can be accessed at http://www.empop.org (Parson and Dür, 2007) .
mtDNA manager:
A Korean group from Yonsei University has created an online mtDNA searchable population database called mtDNA manager and it can be accessed at http://mtmanager.yonsei.ac.kr/ (Lee et al., 2008) .
Conclusion
Whereas forensic Anthropologists analyze human skeletal remains, to this purpose human mitochondrial DNA can be utilized as the best resource to identify the victim from skeletal remains, as we mentioned before, due to its especial features, the mtDNA offers several advantages over nDNA, it's high copy number, small size and circular form make it more resistant to degradation and more stable during long storage than nuclear DNA, due to which it is possible to analyze the mtDNA even in very small, damaged and degraded samples where nDNA is unavailable for the analysis, hence human mtDNA has enabled investigators such as forensic anthropologists to identify missing persons, war suffers and criminal cases. Of the whole genome, hypervariable regions (HVI, HVII, HVIII) of the non coding displacement region (D-loop) or control region (CR) in human mtDNA have proven to be a useful target for analysis of forensic materials, in which the amount of DNA is limited or highly degraded, polymorphisms hypervariable regions could provide evidence about the identity of crime victims, especially skeletal remains.
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